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ABSTT-'^GT 


A  ncvf  we'ihod  Ter  pujrifi cation  of  acetonitrile  ■srao  required  upir>2  reduction 


of  ir'.nviriticD  '-rith  rc'liu-.'  and  calciur.  hvdrido  rrior  to  dicuillatlcn. 


'died 


potential  clectrolysir:  of  zircoriirr.  halide  rojv.ticnG  rrcduced  neither  stable 
eolutions  of  Zr(TIl)  as  anticira-ted  nor  ZrtO]  in  an  identifiable  icr..i.  Infra-red 
spectral  studies  of  zirconiu.:;  chloride  solutions  revealed  ZrCly"^,  /IvCl^,  ZrCl^", 
and  ZrClc”  species.  Cn  elc'ctrolytic  reduction  the  products  foru.ed  react  "(rlth 
solvent,  elccorol^'tc  and  residual  v/atcr  vhich  is  so  difricult  to  remove. 

Vo  determined  the  dissociation  properties  of  a  series  of  useabDc  polaro^raph- 
ic  elcctrolj'tcs  such  as  alhali  and  totraal^.yiaar.cniur;  iialidcs,  porchlo.'-ates,  tetra- 
fluoroboratcs,  and  triflucracctatcr .  Partial  dcctrcDytc  association  and  in  trl- 
flucracetate  cases  triple  ion  formation  (deter rlnsd  by  conductance  ;rx'asu:'e:.:cnt5 ) 
make  precise  interpretation  of  polarcjrraphic  data  very  uncertain,  and  r;al:e  qvianti- 
tative  cori'clation  of  spectral  and  polaro'a'^^phic  data  uncertain. 

We  undertooh  a  stiidy  of  the  properties  of  the  clectficrd  double  layer  in 
acetonitrile  at  a  mercury  ijitcrface  vhich  shevs  extensive  adsorption  of  both 
enions  and  cations  on  olie  electrode  again  complicating  clectroil^otj c  data. 

Wo  studied  the  clcctroli'tic  prcpcrticr.  in  acetonitrile  of  ccppcr(ll)  and 
copper  (l)  as  n  :..cdcl  ease  for  reduction  thjxugh  lo*..-er  oxidation  states  to  the 
KCtal.  liiecc  ions  could  be  precisely  coulo:;.etrically  reduced  to  the  lovrer  states 
cs  in  vater  and  the  prceicicn  vas  great  enough  to  determine  difihisicn  coefficients 
for  the  respective  species  by  the  Cottrell  method . 
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P/.CiCGROUin) 

Previous  work  by  the  principal  investigator  (l)  had  shown  that  xirconiirr* 
and  hafniuj::  as  tetradiloridos  could  be  reduced  in  acetonitrile  to  give  at 
least  the  +t  states  not  observable  in  aqueous  solution.  FurthcriP.ore  the  re¬ 
duction  of  Zr  and  Hf  in  excess  chloride  tiedia  occurred  at  sufficiently  different 
potentials  to  allar  feasible  serjaration  clcctrolj-ticaliy . 

The  intent  of  the  investications  under  this  fprant  ;?as  then  t’.;o  fold: 
first,  to  investicate  and  establish  conditions  for  the  production  of  uncormcn 
lower  oxidation  states  of  zirconiuci  and  hafniuic  and  for  the  electrolytic  sep¬ 
aration  of  the  tiro  clc-nents,  and  second,  to,  study  the  co:rplexin5  properties  of 
those  clciccnts  with  halides  to  identif^a  critical  species  in  the  forenentioned 
completed  and  proposed  i/ork. 

SOLVEIJ’J? 

We  were  unable  to  produce  by  older  methods  acetonitrile  sufficiently  pui’o 
to  repeat  earlier  cited  work.  After  discovering  that  a  new  cornnerolol  produc¬ 
tion  process  was  in  use  which  led  to  new  residual  iTopurities  we  devised  and 

I 

perfected  a  new  purification  prccediu’e  for  acetonitrile  (2).  Txjc  procedure 
Involves  distillation  Ib'om  successive  sodiun  hydride,  cone.  I12S04,  and  CaH^ 
to  give  polarcgraphically  clean  acetonitrile. 

VOLTAIflETRY  AiD  SKlCTROPKOTOIl'.ray  OF  ZIRCOIHU:-! 

Control3.ed  potential  clcctroly.ses  of  zirccrium  solutions  in  the  poten¬ 
tial  range  for  reduction  to  Zr(lII)  or  Zr[o3  did  not  yield  bulk  separable 
quantities  .of  either  (3)).  Kcactivity  of  any  Zr(lil}  with  clectroj.ji.c,, 


rccldual  ^.vitcr  02  .'.olvcnt  led  to  ciuro-nt  intcf/-Ju.r; .  TJjc  roducllon  at 

a  poLu22tial  v.'bcre  ZriO]  '.mr,  ce-'-pcclvd  fro:;i  the  {-.inple  poluirofTraphy  led  to 
unreprod.ucitlc  2.'*ixtiu'cn  containing  r.lrcoTiiu'n,  oxygen,  nitrogen  and  halide. 
InI'rarcd  cpcctral  studies  on  solutions  of  r.irconiu-M  vith  vai^'ing  chloride 
content  proved  the  presence  of  rlxed  ccxplcxes  fTo.i  ZrCl3'*',  thr-ouf^  ZrCi^  and 
2irCl5  to  ZtCIg"  in  chloride  ir.cdia.  The  spectra  arc  given  (3)  and  shov  the 
cornplex  equilibria  relc\’ant  to  the  zirccniu.i  case. 


STUDIES  ON  COhPEE 


At  this  point  a  GiT;qiler  case  I'Xis  chosen  to  establish  controlled  poten¬ 
tial  coulorictry  in  acetonitrile  since  tlic  sireoniin  vork  vas  so  pussling. 
Data  precise  to  \d.thin  +  2'/:  \.x-re  obtained  (h)  for  the  reductions: 

Cu(ll)  +  e  Cu(l) 

Cu(ll)  +  2c— >Ci;fO] 

Cu(l)  +  e  — >Cu[0] 

Copper  behaved  so  veil  that  diffusion  coefficient  data  vere  detorniincd  for 
these  thi'ee  reductions  by  the  Cottrell  rr.cthod  (5). 


EI£CTROriTE  SlUDIES 


At  this  point  it  secsicd  clear  that  ve  did  not  kno;.’  enough  about  elec¬ 
trolyte  bcha\'ior  in  acetonitrile  to  explain  and  interpret  the  unc^cpected  and 
generally  negative  electrolytic  data  on  zirconium.  We  therefore  examined 
the  association  properties  of  sever.al  ccrx'.on  polarcgi’aphic  electrolytes  in- 
cludii2g  several  aliiali  and  tetraalkylais'.oniimi  salts  of  perchlorate  (6), 
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halide  (6),  tetrofluorooorate  (6),  and  •brlfluoracciate  (j).  /icsociat.ion  and 
triple  ion  formation  (in  the  last  case)  ^rcro  observed  but  quantitative  inter- 
pretaticn  of  the  •;onductance  data  arc  tenuous  rlnce  such  quantities  as  actlvJ  - 
ties  and  liquid  junction  potentials  are  uncertain.  Secondary  use  of  such  data 
to  interpret  polarogi'aphic  and  spectra],  results  therefore  also  tenuous. 

V7e  ’undertook  a  st\idy  of  the  electrical  double  layer  in  acetonitrile  a^ain 
using  some  of  the  common  electrolytes  described  above.  Tliat  irork  is  in  prepa¬ 
ration  for  publication  but  generally  cho’.r.s  considerable  specific  adsorption  of 
both  anions  and  cations  on  the  electrode  vlicreas  in  aqueous  media  cations 
generally  do  not  adsorb. 

COIWIITUIIIG  V70RJC 

One  of  the  junior  investigators  supported  on  this  grant  Is  still  vorking 
although  his  financial  support  has  terminated,  V7e  still  hope  throu^  his 
efforts  to  ascertain  exactly  vhy  the  gi'oss  electro]  yd-ic  properties  of  zircou- 
ium  and  hafnium  in  acetonitrile  differ  from  the  micro  properties  observed 
polarographicaLly.  Ills  approach  has  been  to  prepare  ZrCls  as  previously  done 
end  make  a  solution  of  that  in  acetonitrile.  Hc.ulll  then  study  the  electro¬ 
lytic  properties  of  Zr(lll)  to  try  to  find  the  reason  for  failui'O  of  the 
direct  reduction  of  Zr(lV)  to  Zr(lll)  and  Zr[0]. 
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IS.  ABSTRACT 


■  A  new  method  for  purification  of  acetonitrile  was  required  using  reduction  of 
impurities  vrith  sodimi  and  calcixm  hydride  prior  to  diEtillatioh."  Controlled 
potential  electrolysis  of  zirconium  halide  solutions  produced  neither  stable  solu¬ 
tions  of  Zr(IIl)  as  anticipated  nor  Zr[0]  in  an  identifiable  form.  Infra-red 
spectral  studies  of  zirconium  chloride  solutions  revealed  ZrCls'*',  ZrCl4,  ZrCl^;^"; 
and  ZrCl6=  species.  On  electrolytic  reduction  the  products  formed  react-^fith^scl- 
vent,  elcctrolj-te  and  residual  water  which  is  so  difficult  to  remove. 

we  determined  the  dissociation  properties • of  a  series  of  useable  polarograph- 
ic  electrolytes  such  as  alluili  and  t^traalkylaifimoniun  halides,  perchlorates,  tetra- 
fluoroborates,  ani  trifluoraectates.  Partial  electrolyse  association  and  in  tri- 
fluoraccUiLe  cubcu  triple  ion  formation  (deten.iined  by  conductance  measurements) 
na’ic  precise  interpretation  of  poluruj^raphic  data  very  uncertain,  and  make  quanti¬ 
tative  correlation  of  spectral  and  polarn, graphic  data  uncertain. 

We  undertook  a  study  of  the  properties  of  the  electrical  double  layer  in 
acetonitrile  at  a  mercury  interface  which  shows  extensive  adsorption  of  both 
anions  and  cations  on  the  electrode  again  complicating  electrolytic  data. 

We  studied -ithe  electroly-tic  properties  in  acetonitrile  of  copper  (II )  and 
copper (I )  as  a  model  case  for  reduction  throur^  lower  oxidation  states  to  the 
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